Background. Excessive opioid prescribing is common after curative-intent surgery, but little is known about what factors influence prescribing behaviors among surgeons. To identify targets for intervention, we performed a qualitative study of opioid prescribing after curative-intent surgery using the Theoretical Domains Framework, a wellestablished implementation science method for identifying factors influencing healthcare provider behavior. Methods. Prior to data collection, we constructed a semistructured interview guide to explore decision making for opioid prescribing. We then conducted interviews with surgical oncology providers at a single comprehensive cancer center. Interviews were recorded, transcribed verbatim, then independently coded by two investigators using the Theoretical Domains Framework to identify theoretical domains relevant to opioid prescribing. Relevant domains were then linked to behavior models to select targeted interventions likely to improve opioid prescribing. Results. Twenty-one subjects were interviewed from
ABSTRACT
Background. Excessive opioid prescribing is common after curative-intent surgery, but little is known about what factors influence prescribing behaviors among surgeons. To identify targets for intervention, we performed a qualitative study of opioid prescribing after curative-intent surgery using the Theoretical Domains Framework, a wellestablished implementation science method for identifying factors influencing healthcare provider behavior. Methods. Prior to data collection, we constructed a semistructured interview guide to explore decision making for opioid prescribing. We then conducted interviews with surgical oncology providers at a single comprehensive cancer center. Interviews were recorded, transcribed verbatim, then independently coded by two investigators using the Theoretical Domains Framework to identify theoretical domains relevant to opioid prescribing. Relevant domains were then linked to behavior models to select targeted interventions likely to improve opioid prescribing. Results. Twenty-one subjects were interviewed from November 2016 to May 2017, including attending surgeons, resident surgeons, physician assistants, and nurses. Five theoretical domains emerged as relevant to opioid prescribing: environmental context and resources; social influences; beliefs about consequences; social/professional role and identity; and goals. Using these domains, three interventions were identified as likely to change opioid prescribing behavior: (1) enablement (deploy nurses during preoperative visits to counsel patients on opioid use); (2) environmental restructuring (provide on-screen prompts with normative data on the quantity of opioid prescribed); and (3) education (provide prescribing guidelines). Conclusions. Key determinants of opioid prescribing behavior after curative-intent surgery include environmental and social factors. Interventions targeting these factors are likely to improve opioid prescribing in surgical oncology.
Prescription opioid misuse and abuse remains a national public health crisis. In 2015, deaths attributable to opioids continued to increase, with over 33,000 fatalities from opioid overdoses. 1 Surgeons play a crucial role in this epidemic, providing 10% of opioid prescriptions in the US. 2 In fact, 6% of previously opioid-naive patients who underwent surgery subsequently transitioned to new persistent opioid use after surgery. 3 Patients with cancer are at even higher risk, with 10% developing new persistent opioid use after curative-intent surgery. 4 Opioid prescribing after curative-intent surgery is complex due to multiple potential sources of pain, including invasive procedures and side effects of chemotherapy. [5] [6] [7] [8] [9] Patients with cancer also report high levels of psychological distress, 10, 11 which is associated with increased postoperative opioid consumption. 12, 13 The need for multidisciplinary cancer care also creates the potential for uncoordinated prescribing from multiple physicians.
14 Given these factors, it is not surprising that excessive opioid prescribing is common after surgical oncology procedures. For example, over 70% of prescribed opioids remain unused after partial mastectomy with sentinel lymph node biopsy. 15 Unfortunately, little is known regarding the factors that influence opioid prescribing after curative-intent surgery.
To better understand the key determinants of prescribing behavior and identify targets for behavior change interventions, we performed a qualitative study of opioid prescribing after curative-intent surgery using the Theoretical Domains Framework, a well-established implementation science method for identifying factors influencing healthcare provider behavior. [16] [17] [18] We specifically identified factors influencing decision making for the initial opioid prescription, counseling patients on safe opioid use, management of opioid misuse, and how a cancer diagnosis affects opioid prescribing.
METHODS

Study Design
The University of Michigan Institutional Review Board approved this study, which was a qualitative study using semi-structured one-on-one interviews based on the Theoretical Domains Framework. The Theoretical Domains Framework was developed from a synthesis of psychological theories to help apply theoretical approaches to interventions aimed at behavior change. 17, 18 It is commonly used in implementation science research, and has previously been used to study physician decisions in a number of settings. [19] [20] [21] [22] [23] [24] Figure 1 illustrates how this method is used to study healthcare provider behavior. In this approach, healthcare providers are interviewed and asked about a target behavior. Interview transcripts are then reviewed to identify relevant theoretical domains. Theoretical domains represent types of factors that can influence healthcare behavior, including cognitive, social, and environmental factors. 16 Relevant theoretical domains are then linked to behavior models to select targeted interventions likely to change behavior. 16, 18, 25, 26 Setting and Population Within a single National Cancer Institute-designated comprehensive cancer center, we recruited providers whose primary clinical responsibilities included the care of cancer patients undergoing curative-intent surgery for colorectal cancer, breast cancer, melanoma, and hepato-pancreato-biliary cancer. We used purposive sampling to ensure subjects were diverse with respect to age and position. Resident surgeons were purposively oversampled because internal data at our institution demonstrate resident surgeons account for 85% of opioid prescriptions provided to surgical patients.
Data Collection
Prior to data collection, a semi-structured interview guide (Appendix 1) was constructed, with questions focusing on four topics: (1) 
Coding Interview Transcripts
Each interview transcript was coded by two investigators (JL, JM) using the Theoretical Domains Framework to identify theoretical domains and constructs relevant to opioid prescribing. Domains were judged to be relevant if they contained specific beliefs that might be potential barriers for changing opioid prescribing and fulfilled one of the following criteria: (1) relatively high frequency of specific beliefs; (2) presence of conflicting beliefs; and (3) evidence of strong beliefs that may impact opioid prescribing. Differences in coding were resolved through discussion and reconciliation. Validity was established through investigator triangulation (JL, JM, LD). Using previously validated methods, theoretical domains identified from interviews were linked to behavior models to select targeted interventions likely to change behavior. 16, 26 NVivo 11 software (QSR International, Doncaster, VIC, Australia) was used to assist with storage, searching, and coding of data.
RESULTS
We sampled eligible subjects between November 2016 and May 2017 until saturation of themes was met (n = 21). All subjects who were asked to participate agreed to be interviewed and were included in the study. Subjects included four attending surgeons (two males, two females), 11 resident surgeons (seven males, four females), four physician assistants (all females), and two clinic nurses (both females). Years of experience in patient care ranged from 2 to 33 years. After coding interview transcripts, five theoretical domains were judged to be relevant to opioid prescribing in surgical oncology: environmental context and resources; social influences; beliefs about consequences; social/professional role and identity; and goals. Table 1 shows specific beliefs and sample quotes for each of these theoretical domains. Additional sample quotes are provided in Appendix 2.
Environmental Context and Resources
For all subjects, 'environmental context and resources' was identified as a key domain influencing opioid prescribing in surgical oncology. This domain is defined by circumstances or environments affecting the development of skills and abilities, independence, social competence, and adaptive behavior. 17 Within this domain, four specific beliefs were identified: 
Beliefs about consequences
Consequents ''I definitely prescribe more than I think they will consume. It just became very painful for me to get paged in the middle of a procedure to refill scripts.'' Beliefs ''I think a lot of the opioid epidemic isn't driven by surgeons, but more from chronic back pain.'' Social/professional role and identity
Professional role ''It's very heterogeneous among providers with different levels of training. There's interns, chief residents, attendings, NPs, PAs, and clinic nurses. There are a lot of players, but no set standard or protocol.'' Goals Goal and target setting ''100 pills will usually get them to their 2-week appointment, and they won't have to call in for a refill.'' Priority ''Am I going to figure this out for them when they've been told that they have rectal cancer, or that they need a colostomy?'' PACU post-anesthesia care unit, NPs nurse practitioners, PAs physician assistants
• Resources: The limited ability of clinic staff to address patient complaints about pain management due to the underprescribing of opioids.
''Some patients will call every day, multiple times a day. If their needs are straining the availability of the providers, they're going to feel like their needs aren't being met.'' • Barriers and Facilitators: The inherent difficulty of managing a patient's subjective experience of pain.
''Pain is so subjective. After major surgery, some patients might not have any pain, while others constantly struggle with pain.'' • Organizational Culture/Climate: The perceived culture overemphasizing pain control.
''There is this focus on pain from the minute you get into PACU and throughout the hospital. Every single person asks you about pain. I think most patients don't know they'll have some pain.''
Social Influences
'Social influences' were also identified as an important factor for all subjects, and are defined as interpersonal processes that cause individuals to change their thoughts, feelings, or behaviors. 17 Three specific beliefs were identified within this domain:
• Group Norms: A belief that the amount of opioid prescribed was similar to others.
''I think it's fairly similar in talking to other residents. I would hope anyway because I wouldn't want to be an outlier.'' • Power: Residents and mid-level providers believe their opioid prescribing is influenced by attending surgeon preferences.
''I've been told to give them enough because the attending surgeons don't want the patients calling.'' • Modeling: Attributing current opioid prescribing practices to observing the behavior of more senior residents.
''A lot of that probably came from what I saw older residents prescribing when I was an intern.''
Beliefs About Consequences 'Beliefs about consequences' was also a key factor for all subjects, and is defined as acceptance of the truth, reality, or validity about outcomes of a behavior in a given situation. 17 Within this domain, two specific beliefs were judged to be relevant:
• Consequences: Previous experience with calls for refills influences current prescribing practices.
''I definitely prescribe more than I think they will consume. It just became very painful for me to get paged in the middle of a procedure to refill scripts.'' • Beliefs: A belief that the opioid epidemic was unrelated to opioid prescribing by surgeons.
''I think a lot of the opioid epidemic isn't driven by surgeons, but more from chronic back pain.''
Social/Professional Role and Identity
For all subjects, 'social/professional role and identity' was also as a key factor. This domain is defined as a coherent set of behaviors and displayed personal qualities of an individual in a social or work setting. 17 In this domain, professional role was judged to be the only relevant specific belief. For example, one subject described how prescribers with different levels of training have different opioid prescribing practices.
''It's very heterogeneous among providers with different levels of training. There's interns, chief residents, attendings, NPs, PAs, and clinic nurses. There are a lot of players, but no set standard or protocol.'' Goals 'Goals' was an important domain for opioid prescribing in nearly all subjects. This domain is defined as mental representations of outcomes or end states that an individual wants to achieve. 17 Within this domain, two specific beliefs were judged to be relevant:
• Goal and Target Setting: Deciding how much to prescribe based on the amount of time until the patient's follow-up appointment.
''100 pills will usually get them to their 2-week appointment, and they won't have to call in for a refill.'' • Priority: Providers choose to discuss more pressing issues with patients instead of opioid use.
''Am I going to figure this out for them when they've been told that they have rectal cancer, or that they need a colostomy?''
Selection of Interventions Targeting Opioid Prescribing in Surgical Oncology
Of the five theoretical domains judged as relevant for opioid prescribing in surgical oncology, the three domains identified most frequently were environmental context and resources; social influences; and goals. We selected these domains as most likely to change opioid prescribing if targeted with behavior change interventions. Using previously validated methods, 16, 26 these domains were linked to behavioral models associated with targeted interventions. Figure 2 illustrates how these theoretical domains were linked to targeted interventions, and provides example interventions for surgical oncology. For 'environmental context and resources', enablement interventions are often effective. For example, subjects reported difficulty in adequately addressing pain management during preoperative visits. To improve this, surgeons could deploy nurses during preoperative visits to specifically counsel patients on opioid use and pain management. For 'social influences', environmental restructuring interventions are effective. For example, because subjects report evaluating how much they prescribe compared with their peers, prescribers could receive on-screen prompts with normative data showing how much opioid their peers prescribe for the same operation. Finally, for 'goals', education interventions are effective for changing behavior. This could include providing clinicians with prescribing guidelines based on actual opioid consumption data.
DISCUSSION
This study has two key findings. First, opioid prescribing after curative-intent cancer surgery is influenced by five theoretical domains: environmental context and resources; social influences; beliefs about consequences; social/professional role and identity; and goals. Second, specific interventions targeting these domains are likely to change opioid prescribing in this setting. These include enablement interventions (deploy nurses trained to discuss opioid use at preoperative visits), environmental restructuring interventions (provide on-screen prompts with normative data on the quantity of opioid prescribed), and education interventions (provide prescribing guidelines based on opioid consumption data).
Previous research has focused on quantitative assessment of opioid prescribing and postoperative opioid use. This includes studies describing the risk of new persistent opioid use after cancer 4 and non-cancer surgery, 3, [27] [28] [29] evaluating the association between postoperative opioid prescribing and patient satisfaction scores, 30 and comparing the amount of opioid prescribed and consumed by surgical patients. 15, [31] [32] [33] [34] [35] [36] Although these studies have identified excessive opioid prescribing as a key issue for surgical patients, it is uncertain which interventions would be most effective for reducing excessive opioid prescriptions. Our study uses the Theoretical Domains Framework to evaluate behavioral factors influencing opioid prescribing after curative-intent surgery, and identifies interventions likely to change this behavior. This approach is ideal to address opioid prescribing because it specifically focuses on identifying the critical factors linked to 37 antibiotic use in pediatric respiratory tract infections, 24 and routine preoperative testing in low-risk patients. 23 However, applying this approach to identify potential interventions to reduce opioid prescribing has not been previously reported.
The interventions identified in this study could be implemented to improve opioid prescribing after curativeintent surgery. For example, education interventions were identified in this study as likely to reduce opioid prescribing. This could be implemented as prescribing guidelines based on opioid consumption data. In fact, two recent studies have shown that implementing this intervention is associated with reductions in excessive postoperative opioid prescribing. 38, 39 Our findings also identified enablement and environmental restructuring interventions as likely to change opioid prescribing behavior. Although no studies have reported implementing these types of interventions to reduce opioid prescribing for patients with cancer, both enablement and environmental restructuring interventions have been used to improve compliance with evidence-based guidelines for managing sepsis. 40, 41 These interventions are particularly well-suited for surgical patients with cancer. For example, patients with cancer report high levels of psychological distress, 10, 11 and surgeons in our study reported difficulty adequately counseling patients on safe opioid use because patients are distracted by coping with a new cancer diagnosis. Enablement interventions (deploying nurses during preoperative visits to counsel patients on opioid use) could help address this problem. These interventions could be effective for all surgical patients, and future studies will focus on comparing opioid prescribing behavior for surgical patients with and without cancer.
This study has several key limitations. First, study subjects were limited to a single academic teaching hospital. Because of this, our findings may not be generalizable to other institutions, particularly private practice and non-teaching hospitals. For example, resident surgeons prescribe the majority of opioids at teaching hospitals. In this setting, power was an important determinant of prescribing behavior, but this may not be true in non-teaching hospitals. Future work will focus on validating these findings across multiple institutions and settings of care. Nevertheless, we expect our findings will be helpful in designing interventions for other academic teaching hospitals. In fact, one other academic teaching hospital has successfully reduced opioid prescribing after curative-intent operations using one of the interventions identified in our study. 38 Another limitation is that we did not conduct a survey, which would have allowed for statistical analyses and potentially generalizable results. Nevertheless, our findings are consistent with a recent survey of surgical residents demonstrating that opioid prescribing is influenced by attending surgeon preferences and concerns for patient satisfaction. 42 Furthermore, using qualitative interviews provided much more granular data compared with a survey. In addition, qualitative methods are uniquely well-suited to exploring prescribing behaviors in this setting given the lack of existing knowledge on the barriers and facilitators to opioid prescribing for patients with cancer. In future work, we will apply these findings to survey-based quantitative work to compare the effect of interventions focused on opioid prescribing.
CONCLUSIONS
We identified several key factors influencing opioid prescribing after curative-intent surgery. These factors could be targeted with specific interventions likely to change prescribing behavior, such as opioid prescribing guidelines or providing prescribers with normative data on opioid prescribing. With recent studies showing high rates of overprescribing 15 and new persistent opioid use 4 in cancer patients undergoing curativeintent surgery, it is crucial to develop and implement these interventions to reduce excessive opioid prescribing and improve the quality of care for cancer survivors. 
APPENDIX 1
Semi-structured Interview Guide
Decision Making for the Initial Postoperative Opioid Prescription 1. We are going to discuss your practice for prescribing opioids to cancer patients. How do you decide what pain medication to use and how much to prescribe (dose, quantity of pills, refills)? 2. How did you come up with the above strategy? 3. How much do you prescribe relative to how much you think the patient will actually consume?
• If applicable, why do you prescribe more than they need? What are the possible risks of this unused medication? Resources ''You could refer patients to pain specialists, but it can take up to 6 months to get an appointment.''
Barriers and facilitators
''Another barrier is the system for refilling opioid prescriptions. If that was somehow a less burdensome pathway, it could be easier to prescribe less.'' Organizational culture/climate ''To change practice, everybody on the team has to be on board. It can't just be a PA or resident thing. There has to be a standard protocol from the top down. We all have to agree that for these patients, this is how we're going to prescribe opioids.'' Social influences Group norms ''We talk about it a lot amongst each other. For convenience and speed of getting off the phone, a lot of people do give into the temptation of just refilling a patient's narcotic prescriptions.'' Power ''One reason we're motivated to prescribe more is because we get flak from our superiors if we don't give enough, because they're the ones dealing with the phone calls. We don't want to disappoint our bosses, so we send patients home with an ample number of pills.'' Modeling ''I asked a senior resident how much they generally prescribe, then just did what they did.''
Beliefs about consequences
Consequents ''I think I prescribe less than what they need, and that's based solely on my impression that patients call in for refills all the time.'' Beliefs ''It'd be great if there was a way to standardize opioid prescribing, but I don't think it can be standardized. It's hard to address directly to the patient without completely losing their trust in your care.'' Social/professional role and identity
Professional role ''I don't want to make chronic pain a surgical problem because we're not the experts. We know how to treat acute pain, but we're not pain specialists.'' Goals Goal and target setting ''My practice is that I will calculate out three or 4 days of dosing, and I will send them home with that full amount with the assumption that they will taper that down so it won't just last them that 3 days, it will last them 5 or 6 days.'' Priority ''We're pretty busy as residents, and I think it's nice to have an extended conversation about opioids, but usually people are waking up from anesthesia and there are barriers to circling back because the next case is already going.''
